T HE IMPORTANCE of sodium in the body economy is well known; however, reports of the measurement of the total "sodium space" in man have been infrequent. Kaltreider 7 have used radiosodium to measure the total body sodium in a group of infants and young adults. The present study has been primarily concerned with older age groups, and includes patients with cardiac edema as well as normal subjects. Four groups of individuals were chosen for comparison: group 1, consisting of young normal adults; group 2, old normal adults; group 3, old adults with cardiovascular disease but well compensated and edema-free; group 4, old adults with cardiovascular disease in congestive heart failure with edema. Total sodium space and total body sodium content of these four groups were determined. METHODS A single 10.0 ml. blood sample was obtained by venipuncture 24 hours after the injection of approximately 100 microcuries of sodium24 in sterile isotonic sodium chloride. The blood was allowed to clot and the serum removed. Duplicate 1.0 ml. samples of serum were dried on plates and the activity de- termined by means of a Geiger-Mhller counter.
The amount of sodium24 injected was determined by measuring the activity of an aliquot of the injected solution. All values were corrected for radioactive decay, background, and the resolving time 915 The average value for the total sodium space was 41.7 i 1.5 per cent of body weight. The average value for the total body sodium was 56.7 i 1.9 mEq. per kilogram. The average serum sodium23 concentration was 135 mEq.
per liter.
DiscussION
It can be seen from figure 1 that there is a difference in total sodium space and total body sodium content between the young and the old normal adults. The presence of well compensated cardiovascular disease, however, does not appreciably increase the values in the older age group. When congestive failure with peripheral edema is present, there is seen a marked increase in the total sodium space and the total body sodium content. Prior to measurement, a clinical estimate of edema was made on an arbitrary scale from plus 1 to plus 4. The best correlation between the total sodium space and the amount of estimated edema has been obtained by ex- pressing the sodium space as liters per square meter of body surface. Ideally, comparisons of body composition between individuals should be made on a fat-free body weight basis11; however, lacking this data an approximation may be made by expression of the results on the basis of body surface area. The total sodium spaces expressed in this manner are shown in relation to the clinical degree of edema in figure 2. In figure 2 , the horizontal line represents the average normal total sodium space in liters per square meter. The diagonal line shows the increase in total sodium space with increasing amounts of edema. The correlation coefficient has been calculated to be 0.77. The difference between these two lines at any point represents the excess total sodium space, and varies in an average individual (1.73 square meters) from approximately 3 liters of sodium space in minimally detectable edema to about 13 liters of sodium space in markedly edematous patients.
It is well known that the volume of distribution of sodium is larger than the volume of distribution of certain other substances (thiocyanate, sucrose, inulin, mannitol) which are thought to measure the extracellular fluid compartment. The reason for this discrepancy is that sodium is not limited to the extracellular fluid compartment but is also found in tissue cells and in bone. When congestive failure with edema occurs, there is an expansion of the volume of distribution of sodium (total sodium space). The increase in total sodium space correlates closely with the clinical degree of edema. This suggests that the expansion of total sodium space may be primarily an increase in the extracellular volume and that the excess sodium space in edematous cardiac patients represents the actual increase of body fluid (extravascular extracellular) constituting the edema. However, the possibility of an increase in the other body sodium compartments, for example, intracellular space and bone, is not ruled out. Quantitative conclusions on the distribution of the sodium within the total sodium space cannot be made on the basis of presently available data.
SUMMARY
Total sodium space and total body sodium contents were determined in four groups of individuals with the aid of radiosodium24. There appears to be an increase in these values with age, but the presence of well compensated cardiovascular disease in the older age group does not significantly alter the magnitude of these measurements. When congestive failure with edema occurs, there is a marked increase 22 in total sodium space and total body sodium. The increase in total sodium space shows a good correlation with the clinical degree of edema.
